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Developing a thermodynamic model ofhigh temperature processes is described in many scientific sources (1-18). Thermodynamic patterns of oxidation-reduction reactions on the metal-slag melt interface are also taken into account when building phenomenological models of real welding, facing, and metallurgical processes (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) .
This paper deals with calculating an equilibrium phase composition for a specific reaction. A method proposed herein also takes into account an interaction among any number of chemical reactions in the metal-oxide melt interface that form an equilibrium phase composition.
Let us first start with a simple case of calculating manganese concentration in steel at 1700ºС, when in equilibrium with the following oxide melt (mas. %):
36.6 -SiO2; 16.4 -Al2O3; 25.3 -MnO; 1.6 -FeO; 20.1 -CaF2.
The following chemical reaction to determine manganese contents in steel
reaches an equilibrium. This is one of the chemical reactions in the metal-oxide melt interface (Fig. 1) .
In a first approximation, we will determine manganese equilibrium contents disregarding any other processes. In such a case, our task can be reduced to an equilibrium thermodynamic constant formula for process (1 (2) where aMnO, aFe, aMn and aFeO-are reactant activities in contacting phases. Let us assume that iron activity equals aFe = 1, as its concentration is close to 100%. By substituting activities with activity factors(γi) and concentrations (xi)
we obtain the following formula:
where MnO and  By using these formulas, we derive an equation to calculate manganese molar fraction in the metal melt for the state of equilibrium:
By assuming initial manganese and iron oxide concentrations close to equilibrium (% Mn = 25.3 and % FeO = 1.6), we obtain manganese molar fraction in the state of equilibrium, i.e.  eq Mn  0.59. This method, however, has an obvious problem, which is the need to know activity factors (γi). This being said, it cannot be recommended for a reliable evaluation of equilibrium concentrations mainly because initial oxide concentrations can change considerably while reaching the equilibrium, especially if they are low (like the FeO concentration in our case). Moreover, this approach fails to take into account the masses of interacting phases. Now let us consider a more complicated case of practical importance. We will attempt to calculate equilibrium concentrations for all reactants in reaction (1) allowing for the correlation between initial masses of the metal and oxide phases. (1) Equilibrium constant:
where parentheses -% mass of component in oxide phase, square brackets -% mass of component in metal phase. For example: T = 1700ºC, KMn  8.3. There are three unknowns: (MnO)eq, (FeO)eq, [Mn]eq, therefore, we need three independent equations.
The first one will be an equilibrium constant equation (6) , with the remaining two equations derived allowing for the balance of reactant masses. If manganese molar volume in the metal melt is 1 mole less, than MnO and FeO molar volume in the oxide melt will be 1 mole higher, as follows from stoichiometry of reaction (1). As an illustration, we obtain the following Mn molar volume variations as its concentration changes from initial [Mn] 
. 100
From the equations (6), (7) and (8) we can find equilibrium concentrations of Mn, FeO and MnO: [Mn]eq  2 mas.%, (MnO)eq  35.6 mas.%, (FeO)eq  4.7 mas.
As seen from the results, we have obtained not only the manganese equilibrium concentration, but also concentrations of (FeO)eq and (MnO)eq in the state of equilibrium, as opposed to the previous approach. It should be noted that the manganese equilibrium concentration is twice as high as the initial one.
Calculating equilibrium concentrations in the interaction among multicomponent phases is much more complicated, as the effect of parallel reactions needs tobe taken into account. Indeed, if a system is in the state of equilibrium, this state is reached by all potential reactions in the interphase boundary. The problem therefore is to calculate equilibrium concentrations for all and any components of the interacting phases.
Calculating equilibrium composition of oxide and metal melts in a multicomponent system
Multiple chemical reactions proceed in the interphase boundary (Fig.1) . Hence, we need to know the equilibrium constant values for all potential processes, and also the details of material balance for all of the reactants. It should be noted that the choice of reactions is quite arbitrary. For example, the following reactions may proceed in the interphase boundary:
At the same time, independent reactions alone are to be taken into account here. In our case, for example, reaction (11) depends on reactions (9) and (10), all of its parameters being obtained by combining the parameters of (9) and (10) . One of these three reactions therefore shall be disregarded in the analysis. Now we will attempt to describe system equilibrium (Fig. 1 ) by assuming that one common reactant is involved in all of the reactions. For iron-based melts, this should be iron oxide (FeO), which is always present in oxide melts.
Chemical reactions of all common reactant-containing metal phase components in terms of 1 mole (FeO) are as follows:
Therefore, there are (2i + 1) unknowns: i equilibrium concentrations of reactants in the metal phase(Ei)eq i equilibrium concentrations of reactants in the oxide phase (EinOm)eq and 1 equilibrium concentration of common reactant (FeO). For the solution using the following (2i + 1) equations: i equations for equilibrium constant:
i equations of material balance, as shown above in (6), (7):
268 and 1 simple equation:
where EinXm are oxides and other chemicals (sulphides, fluorides, etc.), which are not involved in chemical reactions. This bulky set of equations shall be obviously solved by means of computer. One of the possible algorithms is shown below:
Equilibrium concentrations of all metal melt components are calculated according to (22) . By substituting (22) calculation results to (20) , we can determine equilibrium concentrations of iron oxide (FeO)eq, following which equilibrium concentrations of all oxide melt components (Ei nOm)eq are calculated by using (19) . Conclusions 1. Calculation of metal and oxide melt equilibrium concentrations for specific reactions fails to accurately reflect a complex set of reactions among multicomponent phases.
2. A method to calculate phase equilibrium composition in a multicomponent system is based on applying one common reactant for all reactions involved. 269 3. Given that equilibrium is the only state possible at a constant temperature, taking into account all metal phase components would be sufficient to ensure correct calculations.
4. Benefits of the proposed method: -choice of reactions can be arbitrary, providing that one common reactant is available; -simulation process is quite simple; -the number of components in the interacting phases is unlimited; -this method enables evaluation of the threshold (equilibrium) phase condition in a complex technological process, and also determination of the vector of concentration changes of all of the components.
